Introduction
The European Society of Cardiology (ESC) supports education and training of both practising and future cardiologists, alongside innovation and coordination of new research, clinical practice guidelines to aid delivery of healthcare, and advocacy to help shape health policy. The ESC also recognises the need to provide lifelong learning programmes for cardiology professionals in close collaboration with the National Cardiac Societies, creating a strong, evidence-based foundation underpinning the best care of patients.
Recent years have seen many advances in education across the ESC, including high-quality courses offered on the ESC eLearning platform (ESCeL) 1 , Webinars, a Clinical Case Gallery, and the European Exam in General Cardiology and various sub-specialties. To align these developments with the needs of cardiology education and training in the member countries of the ESC, the Education Committee hosts an annual conference for the Directors of Training for all National Cardiac Societies. In this paper, we report on the major outcomes of the 4 th ESC Education Conference, held at the European Heart House in Sophia Antipolis on 14 and 15
December 2016, which focused on knowledge and skills assessment for cardiology trainees and cardiologists. With in-depth discussion of the strengths and challenges in education and assessment across the 56 countries of the ESC, our aim was to develop a roadmap for comprehensive cardiovascular education.
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Methods

Participants and meeting format
The 4 th ESC Education Conference was attended by 77 participants, representing 43 countries, including representation from the ESC Young Community (full list of delegates presented in the Appendix). Major activities of the ESC, and its involvement in education and assessment, were delivered by keynote speakers.
Mapping the current status of cardiology education in the ESC member countries
Prior to the conference, all National Training Directors were asked to prepare summaries of the current state of cardiology training and education in their respective countries. During the conference, six semi-structured workshops and plenary sessions discussed the assessment of knowledge and skills for cardiology trainees and continuing medical education (CME) for certified cardiologists. Immediately following the conference, all participants were invited to complete a structured online survey. The outcomes were mapped onto existing educational activities in the ESC to develop a roadmap to improve cardiovascular education.
Survey of Cardiology Training in individual ESC Countries
An online survey of cardiology training was completed by 40 National Cardiac Societies, with data validation by ESC staff and country representatives. For this conference, we focused on results pertaining to knowledge assessment (availability of a national curriculum for training and whether the training programme was organised in accordance with the ESC core curriculum), and skills assessment (use of direct observation of procedural skills (DOPS) during general cardiology training). There is a clear need to provide curricula that cover more specialised knowledge. 6 Very few countries used this method for trainee development, but where instituted, delegates felt it to be a method of assessment that resulted in individual benefit for trainees.
Assessment of skills
Assessment of skills for trainees was more varied. Logbooks of directly-observed procedural skills (DOPS; both paper and electronic) are commonplace across the ESC countries ( Figure 2) 9 and are often monitored by clinical tutors allowing personal feedback and improvement in skills.
A minority of countries also had skill labs and patient simulators. While these are resourceintensive, they were felt to contribute to training of practical procedures, complementary to traditional courses, and to allow skills evaluation, which is complex to assess at the bedside.
There were many challenges identified by the delegates, in particular that assessment of skills is much more difficult and time-intensive than knowledge assessment. There was also discussion on how to assess skills, where it was felt that assessment of competence would be more desirable than a mere count of procedure numbers. Competence assessment would require close and consistent mentoring, which is expected to have further positive effects on the clinical and educational progress of the trainee. Finally, delegates identified a lack of feedback structures to assess and improve the quality of cardiology training. 
Continued Cardiovascular Education
Assessment of knowledge
An up-to-date and well-informed workforce is the key to continued improvements in the management of cardiovascular disease in view of the rapid advances in cardiovascular medicine.
However, the continued training and education of certified cardiologists is much less structured than that of cardiology trainees. While continued medical education and professional development are required for certified cardiologists in almost all ESC countries, assessment is often undertaken indirectly by measuring cardiologists' attendance at educational events.
Efficient CME systems are in place in some countries, but there are variable national requirements. For example, evidence of CME is required for revalidation or recertification of cardiologists in Ireland, the Netherlands and the UK, but there are no formal requirements for CME in Finland, Greece, Israel or Poland ( Table 1) . In general, practising cardiologists are much more likely than trainees to receive knowledge training through industry-funded or even industry-delivered events. The delegates felt that the potential bias of industry-delivered educational programmes was an under-recognised limitation of current education for practising cardiologists.
There is an important role for professional societies such as the ESC and its constituent National
Societies to provide balanced, high-quality cardiology education for cardiologists. Assessment of professionalism (e.g. through structured appraisals) is not common, and there is a lack of opportunity for research (both in time and funding) that could potentially underpin high-quality continued cardiovascular education and support innovation. The ESC recognises the need for training in research methodology not only for research-active cardiologists, but also for practising cardiologists to allow better understanding of new evidence and appropriate integration into clinical practice. This will particularly affect the future development of stratified approaches to cardiovascular medicine. [7] [8] [9] The ESC is also reviewing industry involvement with CME and will report soon on findings and recommendations.
Assessment of skills
While daily clinical work provides indirect feedback on the quality of decisions and the relevant knowledge or evidence gaps, formal skills assessment for certified cardiologists is rare outside specific mentoring programmes for advanced interventional techniques (e.g. transcatheter valve replacement, device implantation, specific coronary interventions, or catheter ablation). In particular, concerns were raised about office-based cardiologists, who lack the informal ways of improving knowledge and skills, and are thus disadvantaged compared to hospital-based cardiologists with frequent peer-interaction. A lack of training for trainers was also identified.
Approaches to improve knowledge and skills in Cardiology across the ESC
Considering the challenges and opportunities identified above, the delegates discussed the following approaches to improve knowledge and skills in cardiology:
i. Coordinate all ESC educational tools to reinforce the circle of research, guidelines, education and registries of clinical practice (the "Virtuous Circle"), underpinning consistent implementation of new evidence and quantification of changes in behaviour and outcomes, and improve visibility and ease-of-use (Figure 4) .
ii. Maintain and improve existing materials for training in general cardiology and in the subspecialties.
iii. Advocacy to coordinate and harmonize cardiology training programmes at a national and European level.
iv. Support National Training Directors to network.
v. Facilitate exchange of trainees and mentors across countries.
vi. Promote the translation of educational material and guidelines in cooperation with National Cardiac Societies.
vii. Enhance the availability of the European Exam in General Cardiology for trainees, and identify opportunities to collect and report CME for cardiologists.
viii. Make available ESC grants to support research, education and attendance at educational events. ii.
More variety in educational material using different formats, including webinars, clinical cases and the ESC Journal Family, and the best use of guidelines.
iii. Implementation of the ESC Strategic Plan for 2016-2020, including the European Heart Agency (the ESC's office in Brussels) and the European Heart Academy (providing academic degrees in partnership with European universities).
iv. An ESC Education newsletter to keep National Training Directors informed and provide a platform for networking and exchange.
v. Collaboration between National Cardiac Societies and the ESC Practice Guidelines team to produce and promote guidelines and support educational tools in different languages.
vi. Expansion and improvement of the European Exam in General Cardiology and
implementation of an ESC-wide CME diary.
vii. Systematically perform needs assessments and adaptation of educational programmes.
viii. Expansion of ESC Fellowships, with a focus on promoting innovation and job mobility within Europe.
ix. ESC research grants and training in research methodology, including the advocacy of clinician-scientists who are able to apply innovation and more rigorous methodology to their clinical work.
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Discussion
The ESC, with its large membership and broad geographical footprint, is ideally placed to improve cardiology education and training. Lifelong high-quality learning, from the cardiology trainee to the practising cardiologist, has the potential to encourage a strong, evidence-based foundation for the care of patients that can result in better outcomes. The ESC is committed to working with National Cardiac Societies to enhance education 10 , and the yearly conferences for National Training Directors provides an opportunity to interact and influence the direction of education at the ESC level.
Recent decades have seen huge shifts in medical education, with a greater focus on the human aspects of medical training, including medical ethics, communication skills and the consideration of outcomes relevant to patients. 11, 12 Graduate medical training has also been forced to react quickly to the changing nature of healthcare provision, including the need for more robust certification of junior doctors and assessment of competency. 13, 14 In parallel, tools for online education and training have been generated and are providing new opportunities for high-quality cardiovascular education. Whilst the ESC Education Conference focused on knowledge and skills, we recognise the vital importance of general professionalism, supporting trainees to become "good doctors" but equally applicable to all stages of continuous education. 15 This includes respect and empathy for patients, providing global care with good communication and management skills, and working within a well-functioning team of fellow healthcare professionals. 16 Providing CME to certified physicians is unlikely to change practice or improve patient outcomes in isolation, and there is evidence that some form of reinforcement of knowledge is required, based on clear learning objectives. [17] [18] [19] Hence, whatever the stage of learning, from medical students to certified cardiologists, the assessment of training and educational needs requires the development of structured and individualised programmes which are the key to successful medical education. Although there are numerous challenges to implementation, these can be resolved by assessing the outcomes of targeted educational programmes, using education and enhanced professional skills to translate new evidence into better cardiovascular outcomes (Figure 4) . 
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Continued medical education
• No formal CME requirements in Cardiology
• No structured CME process
• Legal requirement to register & comply with CME
• Periodic assessment of obligatory CME credits
• No formal requirements, but courses offered by NCS
• CME required to stay registered as cardiologist
• CME peerassessed yearly & 5-yearly national validation CME = Continued medical education; EEGC = European Exam in General Cardiology; ESC = European Society of Cardiology; NCS = National Cardiac Society. ESC congresses, the ESC textbook (2nd edition), the ESC eLearning (ESCeL) platform, the ESC Journal Family and practice guidelines are currently the major educational tools provided by the ESC, however the links between them are incomplete.
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An ESC topic list has been created to index, tag and crossreference educational content across the ESC, including conferences, the new ESC textbook (3rd edition) and the online programmes offered on ESCeL.
Improving access to online education.
ESCeL currently provides access to hundreds of courses, including general cardiology and subspecialties such as cardiac imaging, intervention, heart failure and arrhythmias.
Enhance the usability of ESCeL and increase its educational content with an improved interface, a search function, integration with the new ESC textbook, update of the general cardiology curriculum, the addition of more courses and structuring according to the new ESC topic list. Keeping educational material up-todate, including webinars and clinical cases.
A wide variety of webinars and clinical cases are available every week on the ESC website and recorded for future reference.
Shorter, more interactive and up-to-date webinars with an enhanced Clinical Case Gallery.
Practice guidelines as a learning tool.
'Guidelines into Practice' tracks provide a list of key presentations related to an ESC guideline and the ESC congress.
Plans to improve and update the educational resources associated with each guideline, and provide more timely and cross-linked educational material. Translation of educational material (especially guidelines).
The ESC relies on National Cardiac Societies to provide relevant translations.
Improve visibility and access to translated documents, including guidelines, in close cooperation with National Cardiac Societies. Assessment and evaluation mechanisms to engage learners in their training and continued professional development.
The ESC has developed a series of assessments as well as a range of online courses with selfassessment, an educational blueprint for live events and pre/post-test methodology.
Generalise the assessment and evaluation mechanism and engage with state-of-the art instructional design and adult learning science.
Provide a list of ESC endorsed live events.
The ESC endorses several live events with dedicated guidelines-orientated sessions.
To promote live events with alerts on social media and better define the educational value of ESC endorsed events.
Cardiologists in-training
ESC advocacy: lobby and influence training programmes at a national and European level.
The ESC Brussels office engages with stakeholders, policy makers and other professional organisations to improve cardiovascular training and education.
Advocacy and Education are major pillars of the ESC Strategic Plan for 2016-2020.
Opportunity to identify centres that are interested in exchange of trainees.
No facility at present.
ESC Education newsletter (3 x yearly) with dedicated slots showcasing National Training Directors will allow National Training Directors to network and offer trainee exchanges. Sub-specialty curricula.
Curricula are currently published by ESC associations, such as the European Heart Rhythm Association (EHRA), the Heart Failure Association (HFA) and the Council on Cardiovascular Nursing and Allied Professions (CCNAP).
Improve visibility and access to subspecialty curricula by working with the ESC Associations, Working Groups and Councils.
Increase access to the European Exam in General Cardiology (EEGC).
The EECG is overseen by a Board with joint input from the UEMS cardiology section and the ESC Education Committee, and is currently used in Spain, UK, Ireland, Netherlands, Portugal, Greece and Malta.
Switzerland will begin using the EECG in 2017 and further engagement with National Cardiac Societies to expand its use.
Cardiologists in-practice
Support needed on collection and reporting of Continued Medical Education (CME).
Currently very variable across the ESC, with limited access to online CME tools.
ESC will assess the feasibility of an ESC CME diary for attendance (including automated logging of programmes provided or endorsed by ESC) and for self-recording of personal/national CME. ESC grants to support research, education and attendance at events, as well as the Masters and diploma programmes.
ESC Training grants, Nursing grants and Educational grants are currently available, in addition to grants from the subspecialty associations.
Expansion of ESC research grants and Fellowships.
Opportunities for external networking and exchange of mentors.
ESC Education team will provide a database for National Training Directors to network and offer mentorship opportunities. Support needed to ensure better translation into practice of ESC Practice Guidelines.
ESC offers a range of educational tools to support knowledge transfer.
Implementation of collaboration between guidelines, education, congresses, registries and publications (the 'Virtuous Circle') to facilitate evidence-based, needs-driven educational programmes that lead to better patient outcomes. 
